Abstract: Title compounds were synthesized by Menshutkin reaction with alky] halides, followed by anionexchange reaction with alkanephosphonates. The steady state UV-irradiation of their thin films induced the formation of viologen radical cations via intra-molecular ET-reaction.
Previously we had reported the photo-induced coloration of organized thin film solely made of viologen with alkylbenzenesulfonates and found the bleaching of the developed color at an elevated temperature. 7 The present paper describes the synthesis and photo-induced reduction of viologens with alkanephophonate anions which possess relatively good nucleophilicity 8 and anisotrophic character.' Alkanephosphonic acids were prepared by Arbuzov reaction starting from alkyl bromides and tributyl phosphite. 10 N,N'-dialkyl-4,4'-bipyridinium dihalides (la-e) were prepared by two steps of Menshutkin The steady state irradiation of the viologen was conducted in an N 2 -saturated quartz cell for 1 sec through an UV-cut filter (Toshiba UV 290) from a 200 W high pressure Hg lamp equipped with a rotary shutter. A typical visible absorption spectrum immediately after UV-irradiation is given in Figure 1 for 2d
(solid line). The spectrum revealed characteristic absorption peaks of viologen radical cations for monomeric at 608 nm and dimeric ones around 530 nm, and the developed color persisted for hours at room temperature.
Under these photo-reduction conditions, it is not clear whether viologen radical cations are produced by electron transfer from counter anions (RP0 3 'H) or surrounding solvent molecules. 12 Figure 2 shows the absorption at 606 nm in aqueous organic solvents for 2d. 13 The extent of photo-reduction based on the absorbance decreased with increase in the water-content of the solution; in water alone, the color was no longer developed. The results suggest that water in organic solvent increases the dissociation of both bipyridinium dication and counter anion, thereby they rarely encounter in the high dilution conditions. Furthermore, back ET reaction in water is so rapid that the color change might not be perceived under the steady state irradiation conditions. 17 The inset in Figure 2 would serve to elucidate the ET-reaction of bipyridnium dications (V 2 *) in organic solvents: the radical formation is small in the solvent possessing high ionization potential (IP). The photo-reduction of high-diluted 2a-e in organic solvents possessing electrondonating property (low IP) mainly proceeds by the ET-reaction from surrounding solvent molecules.
The photo-reduction of viologens in solid state was not recognized in the layered form with metal phosphonate anions. 18 In contrast, the radical cations of 2a-d were observed in glass sandwiched thin films by steady state UV-irradiation (dotted line in Fig.l) , and the color of the radical cations persisted for several days.
This indicates that the photo-induced reduction of solid phosphonate salts proceeds from phosphonate anion within a viologen molecule. The degree of photo-reduction of 2a-e was almost similar to that of viologens 
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with alkylbenzenesulfonate anions, 7 however the back ET-reaction of 2a-e did not proceed by thermal reaction.
The reason why the radical cation reduced by the phosphonate anion does not decrease by thermal back ETreaction may be due to phosphonate radicals being subjected to self-dehydration giving the corresponding pyrophosphonates as sacrificial donors (see Eq. I). 19 The residual radical cation of 2a-e ( V ) exists for long time at an elevated temperature when air is absent in the system.
